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[57] ABSTRACT

A film capacitor having metallic layer electrodes, or-
ganic dielectric films interposed between the metallic
layer electrodes, and a pair of end surface electrodes
disposed at the opposite ends of the capacitor and alter-
nately connected to the metallic layer electrodes. The
end surfaces of the dielectric films adjacent to each
other and located at the opposite end surfaces of the
capacitor are formed with irregularities. This capacitor
is manufactured by a method including: the steps of
preparing a lamination or roll of a plurality of elec-
trodes and organic dielectric films interposed between
the electrodes, selectively removing portions of the
dielectric films at the electrode-lead-out-end sides of the
roll or lamination where end surfaces of the dielectric
films are flush with those of the electrodes by bringing
surfaces of the roll or lamination at the electrode-lead-
out-end sides in contact with a gas having at least a
component reactive with the organic dielectric; and

forming end-surface electrodes at the electrode-lead-
out-end sides.

20 Claims, 14 Drawing Sheets
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FILM CAPACITOR, METHOD OF AND
APPARATUS FOR MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invéntion

This invention relates to a film capacitor and a

method of and apparatus for manufacturing the film
capacitor.

2. Description of Related Art

Recently, there are increasing demands for reducing
electronic parts in size, weight and price while improv-
ing the performance. Development of film capacitors is
being promoted with a view to providing capacitors
smaller in size and improved in performance.

A method of manufacturing conventional laminated
film capacitors will be described below with reference
to the accompanying drawings.

FIG. 18A shows an ideal construction of a conven-
tional laminated film capacitor.

A capacitor body illustrated in FIG. 18A has one-
side-metallized films 1, metallic layers 1a which serve as
electrodes, and blank sections or non-metallized por-
tions 3. |

Conventionally, the one-side-metallized films 1 are
laminated while being shifted alternately (overlapped)
in the widthwise direction of the films (by a minimum of
about 0.2 mm at present) and are rolled up in order to
form film spaces 2 at end surfaces where end surface

electrodes for the capacitor are to be formed. The film.

spaces 2 are thereby formed so that the extent of intru-
sion of contact layers formed from metallikon as end
surface electrodes becomes sufficient, thereby obtaining
suitable electrical connection between the end surface
electrodes or the contact layers (not shown) and the
electrodes 1a of the one-side-metallized films 1 as well

3
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as sufficient strength of attachment of the end surface

electrodes.

In this method, however, an accurate rolling system
1s required for rolling up the one-side-metallized films 1,
and it is difficult to keep the extent of shifting about 0.2
mm owing to meandering of the films in the case where
the width of the films is reduced in order to reduce the
size of the capacitor or the thickness of the films is
reduced in order to increase the capacitance. Actually,
the films are shifted as shown in FIG. 18B. This
method, therefore, entails problems of inferior yield
stability, a high production cost of the manufacturing
apparatus and difficulty in designing a smaller film ca-
pacitor. A method of rolling up wide one-side-metal-
lized films having a plurality of capacitor bodies and
cutting the thus obtained roll into unit capacitors is
advantageous because it enables a high productivity.
This method, however, cannot be applied to manufac-
ture of the above-described type of capacitors because it
does not enable formation of the film spaces 2. In accor-
dance with the conventional applicable methods, a wide
one-side-metallized film having a plurality of capacitor
bodies 1s divided by cutting into unit capacitor bodies,
and the divided one-side-metallized films are rolled up
to produce capacitors. Therefore the productivity of
processes based on the conventional methods is consid-
erably low.

To cope with these problems, a type of method such
as the one disclosed in Japanese L.aid-Open Patent Pub-
lication No. 58-24933 has been developed. In this
method, through holes or perforations are formed being
spotted in electrode-lead-out portions of wide one-side-

45

50

55

60

65

2

metallized films each having a plurality of capacitor
bodies. These films are rolled up and a roll thereby
formed is cut at the electrode-lead-out portions perpen-
dicularly to electrode-lead-out surfaces thereof, thereby
leaving film spaces 2.

This method will be described below with reference
to FIGS. 19 to 21.

A one-side-metallized film 1 shown in FIGS. 19 to 21
has a metallic layer 1q, blank sections 3, margin sections
defined by a margin width 4, and through-holes 9.

In accordance with this method, the wide one-side-
metallized film 1 is formed with a plurality of metallic
electrodes 1a and a plurality of blank sections 34, and a
plurality of through holes 9 are provided within pairs of
adjacent margin sections of the metallized film 1 defined
by the margin width 4, as shown in FIG. 19. A plurality
of metallized films 1 thus formed are rolled up while
being superposed on each other in such a manner that,
as shown in FIG. 20, they are alternately shifted from
each other to an extent corresponding to 2 of the dis-
tance between the pairs of adjacent margin sections. A
roll thereby formed is cut at the centers of the pair of
margin sections or electrode-lead-out surfaces, thereby
dividing the roll into a plurality of mother capacitor
bodies each corresponding to the element shown in
FIG. 21. Film spaces 2 are thus formed from the
through-holes 9 so that the extent of intrusion of contact
layers formed from metallikon as end surface electrodes
6 into the end surfaces of each element becomes suffi-
cient, as shown in FIG. 22A, thereby obtaining desired
electrical contact between the contact layers and the
electrodes 1ag of the one-side-metallized films 1 as well
as sufficient strength of attachment of the end surface
electrodes. Thereafter, each mother capacitor body 5 is
cut in the direction perpendicular to the direction in
which the margin sections extend, thereby obtaining
unit capacitor bodies 51, as shown in FIGS. 22B and
22C. FIG. 22B is a perspective view of the capacitor
body shown in FIG. 22A.

This construction, however, entails a problem of
difficulty in establishing desired electrical contact be-
tween the contact layers and the electrodes 1a of the
one-side-metallized films 1. That is, burrs formed at the
periphery of the through holes 9 displace the closed
films and block the film spaces 2 or, if the thickness of
the films is reduced to 2.0 um or less, the films become
slackened due to its flexibility and block the film spaces
2, so that the extent of intrusion of the contact layers
formed from metallikon becomes inadequate, resulting
in failure to establish the desired electrical contact.

To solve these problems, a method such as the one

_disclosed in Japanese Laid-Open Patent Publication No.

59-37564 has been proposed. In this method of manufac-
turing film capacitors, the electrode-lead-out surfaces at

‘which all the end surfaces of the dielectric members are

made flush with each other are etched by reverse sput-
tering to expose electrodes.

In application of this method to the industrial process,
there are problems of a high production cost of the
manufacturing apparatus, a slow etching speed of the
physical etching and, hence, a low productivity. More-
over, in this method, etching is made even to the elec-
trodes, and a high voltage is applied to components of
the film capacitor during etching, and accordingly the
capacitor i1s damaged by irradiation of ions or electrons,

resulting in failure to obtain desired capacitor charac-
teristics.
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SUMMARY OF THE INVENTION

In view of the problems of the conventional methods,
it 1s an object of the present invention to provide a
laminated or rolled film capacitor improved in electri-
cal contact between the metallic layer electrodes and
the end surface electrodes and in the strength of attach-
ment of the end surface electrodes, and to provide a
method of manufacturing this capacitor, which method
enables such an improved film capacitor to be obtained
even from a laminated or rolled film capacitor body
having flat electrode-lead-out-end sides and formed by
alternately superposing dielectric members made of an
organic material and metallic layer electrodes on each
other. |

In accordance with a method of the present inven-
tion, the end surfaces of film capacitor body which are
to be processed for connection to lead electrodes are
brought into contact with a gas having at least a compo-
nent reactive with an organic material constituting a
dielectric film of the capacitor body, thereby enabling
portions of the dielectric film at the electrode-lead-
oui-end sides to be chemically removed selectively.

Metallic layer electrodes of the capacitor body are
thereby exposed out of the end surfaces so that the
strength of attachment of end surface electrodes to the

exposed electrodes 1s increased and desired electrical
contact 1s established therebetween.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are diagrams of essential steps of a
laminated film capacitor manufacture process which
represents a first embodiment of the present invention;

FIG. 2 i1s a diagram of a wide one-side-metallized film
provided with a plurality of blank sections in order to
form a plurality of capacitor bodies;

FIG. 3 is a diagram of laminated films each equiva-
lent to that shown in FIG. 2;

FIG. 4 1s a diagram of the construction of an oxygen
plasma processing apparatus used in the first embodi-
ment;

FIG. § 1s an enlarged cross-sectional view of the
electrode-lead-out-end surface of the film capacitor
manufactured 1n accordance with the present invention;

FIG. 6 1s a graph of the relationship between the
thickness and than & of each of laminated films manu-
factured in accordance with the present invention and
another laminated film based on the conventional art,
illustrating comparison therebetween;

FIG. 7 1s a graph of the relationship between the film
removal extent and than & of the film capacitor manu-
facture in accordance with the first embodiment;

FIG. 8 1s a diagram of the construction of an oxygen
plasma processing apparatus used in a second embodsi-
ment of the present invention;

FIGS. 9A to 9C are diagrams of essential steps of the
process of manufacturing a laminated film capacitor in
accordance with a third embodiment of the present
invention;

FIGS. 10A to 10C are diagrams of essential steps of
the process of manufacturing a laminated film capacitor

in accordance with a fourth embodiment of the present
invention;
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FIGS. 11A to 11C are diagrams of essential steps of 65

the process of manufacturing a laminated film capacitor

in accordance with a fifth embodiment of the present
invention;

4

F1G. 12 is a diagram of an essential step of the process
of manufacturing a rolled film capacitor in accordance
with a sixth embodiment of the present invention;

FIG. 13 is a diagram of an essential step of the process
of manufacturing a rolled film capacitor in accordance
with a seventh embodiment of the present invention;

FIG. 14 1s a diagram of an essential step of the process
of manufacturing a rolled film capacitor in accordance
with an eighth embodiment of the present invention;

FI1G. 15is a diagram of an essential step of the process
of manufacturing a rolied film capacitor in accordance
with a ninth embodiment of the present invention;

FIG. 16 is a cross-sectional view of a laminated film
capacitor in accordance with a tenth embodiment of the
present invention;

FIG. 17 1s a graph of the relationship between the
thickness and tan & of each of film capacitors manufac-
tured in accordance with the second and tenth embodi-
ment of the present invention, illustrating comparison
therebetween; |

FIG. 18A 1s diagram of an ideal construction of a
conventional rolled film capacitor;

FIG. 18B 1s a diagram of the actual construction of
the conventional film capacitor shown in FIG. 18A; and

FI1GS. 19, 20, 21, 22A to 22C are diagrams of a
method of manufacturing a conventional laminated film
capacitor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[Embodiment 1]

FIGS. 1A to 1C show essential steps of a laminated
film capacitor manufacture process which represents a
first embodiment of the present invention.

In FIG. 1A to 1C are illustrated one-side-metallized
films formed of polyphenylene sulfide (PSS) films, alu-
minum deposited layers 1a which serve as electrodes,
blank sections 3, margin sections defined by a margin
width 4, a mother capacitor body 5§ and end surface
electrodes 6.

FIG. 2 shows a wide one-side-metallized films 1 with
a plurality of margin sections 3 for production of a
plurality of capacitor bodies. -

FIG. 4 shows an oxygen plasma processing apparatus
in accordance with this embodiment. The apparatus has
a vacuum vessel 10 which can be maintained in a de-
compressed state, a quartz window 11, an electrode 12
to which a high frequency wave is applied, a high fre-
quency power source 13, and a mask 14 formed from

aluminum.

In this embodiment, the one-side-metallized films 1
are first laminated or rolled up in such a manner that, as
shown in FIG. 3, two groups of pairs of adjacent mar-
gin sections 4 respectively formed on adjacent two of
the metallized films 1 superposed one upon another are
shifted from each other to an extent corresponding to 4
of the distance between the pairs of adjacent margin
sections 4. A roll or lamination thereby formed is cut at
the centers of the pair of margin sections 4, i.e., elec-
trode-lead-out surfaces, thereby forming a plurality of
mother capacitor bodies 5 having flat electrode-lead-
out-end sides, as shown in FIG. 1A. |

Next, end surfaces of each mother capacitor body 5
which are to be processed for connection to lead elec-
trodes are brought into contact with oxygen gas plasma

in the oxygen plasma processing apparatus shown in
FIG. 4. Portions of the films 1 at the electrode-lead-out-
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end sides having a width smaller than the margin width
4 are selectively removed, as shown in FIG. 1B, so that
the electrodes 1a of the one-side-metailized films 1 are
exposed out of the end surfaces, and that the end sur-
faces of the dielectric at the electrode-lead-out-end sides
are formed with irregularities or are roughened irregu-
larly over 90% or more of their areas while limiting the
depth of irregularities to at most 0.2 mm. Thereafter,
brass is sprayed on the end surfaces to form end surface
electrodes 6, as shown in FIG. 1C, and the mother
capacitor body § is cut in the direction perpendicular to
the direction in which the margin sections extend,
thereby obtaining untt capacitor bodies.

In experiment, etching was carried out with the oxy-
gen plasma processing apparatus under conditions of an
oxygen flow rate of 60 SCCM, pressure of 1.0 Torr and
high frequency wave power of 400 W.

Portions of the organic film are removed by oxygen
plasma in such a manner that oxygen radicals in oxygen
plasma attack bonding such as C—C, C-—H, C-—S or
the like of the organic film so that the organic material
is changed into gasses such as COj, H>O or SO; and
these gases are discharged.

In this process of selectively removing the laminated
or rolled one-side-metallized films in part at the posi-
tions of the end surface electrodes, it is possible that
because it is easler for oxygen radicals to penetrate each
metallized film at the non-metallized side thereof where
a very small gap is left after lamination or rolling than at
the metallized side, the corresponding film portion is

removed at a higher rate so that the end surface of each
film is tapered.
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The mother capacitor body § shown in FIG. 1Cisin

an ideal state wherein aluminum deposited layers 1a are

embedded in the end surface electrodes 6 formed by

spraying. This illustration represents a film capacitor

35

which can be formed in such a condition that the thick-

ness of the aluminum deposited layers 1a is sufficiently
large. If the thickness of the aluminum layers is small, it
1s very difficult to confirm the embedded portions of the
deposited layers 1a with the human eyes, as illustrated
in FIG. 5. In this case, it is considered that the alumi-
num deposited layers 1la are pressed on the electrode-
lead-out-end surfaces by sprayed brass particles or they
are embedded into or mixed in the sprayed brass layers
sO as to form an eutectic. In the example shown in FIG.
- 3 in section, the thickness of the films is 2 um, the thick-
ness of the aluminum deposned Jayers is 300 A, and the
number of the laminated films is 190.

As shown in FIG. §, irregularities in the electrode-
lead-out-end surface are different from those in the
corresponding surface formed by the stagger-rolling
method described above as related conventional art:
they have small depths within a certain range and ex-
hibit no regularity; and they are formed over the whole
of the electrode-lead-out-end surface. At the electrode-
lead-out-end surface, the end surface of each film is
undulated in the direction perpendicular to the paper
owing to difference in film removing speed. At least a
portion of the electrode on each film to be in contact
with the end surface electrode is thereby exposed. This
structure of the electrodes including projection of the
electrodes from the end surface 1s improved in stability
in terms of manufacture and it enables a reduction in the
size of the resuiting film capacitor. It is possible to con-
trol the depth of irregularties by changing adhesion
between the laminated films before the selective re-
moval. The depth of irregularities is small if the adhe-
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siveness between the laminated films is made to be high
by pressing the latter, or it 1s large if the adhesiveness
between the films is low.

The strength of attachment of the end surface elec-
trode depends upon the depth of irregularities; 1t be-

comes larger if the depth of irregularities is increased.

However, it is sufficient to set the depth of irregularities
to at most 0.1 mm 1in the case of design of a small film
capacitor. Even a strength of attachment of the end
surface electrode when the depth of irregularities is
about 10 um is sufficient. It is therefore desirable to
control the depth of irregularities on the basis of the use
of the capacitor.

As described above, in accordance with this embodi-
ment, the end surfaces of mother capacitor body 5
which are flat and which are to be processed for con-
nection to lead out electrodes are brought into contact
with oxygen gas plasma in the oxygen plasma atmo-
sphere, and only film portions at the end surfaces hav-
ing a width smaller than the margin width 4 are selec-
tively removed, thereby exposing the electrodes 1a of
the one-side-metallized films 1 out of the end surfaces.
At the same time, the electrode-lead-out-end surfaces
are formed with irregularities over 90% or more of
their areas while limiting the depth of irregularities to at
most 0.2 mm. It is thereby possible to obtain a suitable
electrical contact between the electrodes 1a.and the end
surface electrodes as well as a sufficient strength of
attachment of the end surface electrode 6. The film
capacitor can therefore be reduced in size and improved
in producibility in terms of mass production.

FIG. 6 shows comparison between a rolled film ca-
pacitor in accordance with this embodiment and a
rolled film capacitor formed of PPS films proposed by
Japanese Laid-Open Patent Publication No. 58-24933
and a laminated film capacitor proposed by Japanese
Laid-Open Patent Publication No. 59-37564 with re-
spect to the relationship between tan 6 and the thickness
of films of these film capacitors.

As can be understood from FIG. 6, characteristics of
the film capacitor in accordance with the present inven-
tton is superior than those of the film capacitors manu-
factured on the basis of the conventional art.

FIG. 7 shows the relationship between tan 6 and the
film removal extent of the film capacitor in accordance
with this embodiment.

As can be understood from FIG. 7, it is possible to
obtain suitable capacitor characteristics by removing
film portions between the original end surface and a
position at a distance of 5 um or more therefrom. The
removal of 5 um film portions enables desired electrical
contact but it 1s not enough to form sufficient irregular-
ities in the electrode-lead-out-end surface and to ensure
a sufficient strength of attachment of the end surface
electrode. If the removal extent is limited to this value,
it is necessary to reinforce the end surface electrode
with a resin or the like fitted from outside.

[Embodiment 2]

A second embodiment of the present invention will
be described below. .

FIG. 8 shows the construction of an oxygen plasma
processing apparatus in accordance with this embodi-
ment.

This apparatus differs from the apparatus shown in
F1G. 4 1n that a grounded metallic mesh 15 is interposed
between the electrode 12 to which a high frequency
voltage is applied and the film capacitor body 5.
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This arrangement ensures that oxygen ions are
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trapped with the metallic mesh 15 and only oxygen
radicals reach the film capacitor body 5 when plasma is
generated between the electrode 12 and the metallic
mesh 15 by application of a high frequency voltage to
the electrode 2, thereby reducing damage to the film
capacitor due to irradiation of ions.

First, mother capacitor bodies 5 are formed in the
same manner as that described with respect to the first
embodiment. Thereafter, the end surfaces which are to
be processed for connection to lead electrodes are selec-
tively removed by the oxygen plasma processing appa-
ratus shown in FIG. 8 using oxygen radicals to an extent
smaller than the margin width 4. Only portions of the
films at the end surfaces thereof are thereby removed
selectively. At this time, the electrodes 1a of the one-
side-metallized films 1 are exposed out of the end sur-
faces so that electrode-lead-out-end surfaces are formed
with irregularities or are irregularly roughened continu-
ously over 90% or more of their areas while limiting the
depth of irregularities in the end surfaces to at most 0.2
mm. Thereafter, brass is sprayed on the end surfaces to
form the end surface electrodes, and each mother ca-
pacitor body is cut in the direction perpendicular to the
direction in which the margin sections extend, thereby
obtaining unit capacitor bodies.

In accordance with this embodiment, only the end
surface portions of the films are selectively removed by
using oxygen radicals so that the electrodes 1a are ex-
posed out of the end surfaces and that the electrode-
lead-out-end surfaces are formed with irregularities
over 90% or more of their areas while limiting the
depth of irregularities in the end surfaces to at most 0.2
mm, thereby obtaining suitable electrical contact be-
tween the electrodes 1a and the end surface electrodes
6 as well as a sufficient strength of attachment of the end
surface electrode 6. Moreover, the resulting film capaci-
tor has improved characteristics because it is free from
any considerable damage caused by ions.

F1G. 6 shows characteristics of film capacitors manu-
factured in accordance with this and first embodiments
with respect to the relationship between the thickness
and tan 9.

As can be understood from FIG. 6, the film capacitor
in accordance with this embodiment is superior than
that in accordance with the first embodiment. It is con-
sidered that since etching is effected by using oxygen
radicals alone in this embodiment, the capacitor of this

embodiment 1s not damaged by ions as in the case of the
first embodiment.

{Third Embodiment]

A third embodiment of the present invention will be
described below.

10
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This embodiment differs from the first and second
embodiments in that the wide two-side-metallized films
16 and the films 17 are rolled up or laminated while
being alternately superposed on each other.

In this embodiment, the wide two-side-metallized
films 16 and the wide films 17 are first alternately super-
posed on each other and are rolled up or laminated. A
roll or lamination thereby obtained is cut at the centers
of the pairs of adjacent margin sections or electrode-
lead-out surfaces 4, thereby forming mother capacitor
bodies § each corresponding to the element shown in
FIG. 9A. Then, the electrode-lead-out-end surfaces of

~ each mother capacitor body § are brought into contact

15

20

25

30

335

45

50

FIGS. 9A to 9C show essential steps of a process of 55

manufacturing a laminated film capacitor in accordance
with this embodiment.

A reference character 16 in these figures denotes
two-side-metallized films each formed of a wide PPS
film and having a plurality of capacitor bodies. Each
film is metallized in such a manner that two groups of
pairs of adjacent margin sections 4 of two aluminum
deposited layers respectively formed as electrodes 164
on opposite sides of each metallized film 16 are shifted
from each other to an extent corresponding to 4 of the
distance between the pairs of adjacent margin sections
4. A reference character 17 denotes wide PPS films
laminated together with the films 16.

with a gas which contains about 5% concentration of
ozone gas. Portions of the films at the electrode-lead-
out-end sides having a width smaller than the margin
width 4 are thereby removed selectively, as shown in
FIG. 9B, so that the electrodes 164 of the two-side-met-
allized films 16 are exposed out of the end surfaces, and
that the electrode-lead-out-end surfaces are formed
with irregularities or are roughened irregularly over
90% or more of their areas while limiting the depth of
irregularities in the end surfaces to at most 0.2 mm.
Thereafter, as shown in FIG. 9C, brass is sprayed on the
end surfaces to form the end surface electrodes 6, and
the mother capacitor body 5 is cut in the direction per-
pendicular to the direction in which blank sections 3
extend, thereby obtaining unit capacitor bodies.

In accordance with this embodiment, the electrode-
lead-out-end surfaces of the mother capacitor body 5
are selectively removed by being brought into contact
with ozone gas so that the electrodes 16a of the two-
stide-metallized films 16 are exposed out of the end sur-
faces and that the electrode-lead-out-end surfaces are
formed with irregularities over 90% or more of their
areas while limiting the depth of irregularities to at most
0.2 mm, thereby obtaining suitable electrical contact
between the electrodes 16a and the end surface elec-
trodes 6 as well as a sufficient strength of attachment of
the end surface electrodes 6 when the end surface elec-
trodes 6 are formed.

This embodiment enables film portions to be selec-
tively removed under atmospheric pressure, which
effect cannot be attained by the first and second em-
bodiments. The method in accordance this embodiment
is thus improved in productivity, but in practice it ne-
cessitates a devised gas blowing system capable of uni-
formly removing end surfaces portions of the films.

[Embodiment 4]

A laminated film capacitor manufacture process
which represents a fourth embodiment of the present
invention will be described below.

FIGS. 10A to 10C show part of a process of this
embodiment. A reference character 18 in these figures
denotes one-side-metallized films each formed of a wide

-~ PPS film and having a plurality of capacitor bodies. A
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dielectric 185 which is polyphenylene oxide (PPO) is
appiied to the metallized side of each of the wide one-
side metallized films 18 over the entire area thereof
without forming any pattern.

The wide one-side-metallized films 18 to which the
dielectric 185 has been applied are first rolled up or
laminated in such a manner that two groups of pairs of
adjacent margin sections 4 formed in adjacent two of
the one-side-metallized films 18 are shifted from each
other to an extend corresponding to 4 of the distance
between the pairs of adjacent margin sections 4. A roll
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or lamination thereby obtained is cut at the centers of
the pairs of adjacent margin sections or electrode-lead-
out surfaces 4, thereby forming mother capacitor bodies
5 each corresponding to the element shown in FIG.
10A. Then, the electrode-lead-out-end surfaces of each
mother capacitor body 5§ are brought into contact with
oxygen radicals generated by the oxygen plasma pro-
cessing apparatus shown in FIG. 4, thereby selectively
removing portions of the films and the layers of dielec-
tric 1856 at the electrode-lead-out-end sides having a
width smaller than the margin width 4, as shown in

FIG. 10B. Thereafter, brass is sprayed on the end sur-
faces to form the end surface electrodes 6, as shown in
FIG. 10C, and the mother capacitor body 5 1s cut in the
direction perpendicular to the direction in which blank
sections 3 extend, thereby obtaining unit capacitor bod-
1es.
In accordance with this embodiment, portions of the
films 18 and the dielectric layers 1856 at the electrode-
lead-out-end surfaces of the mother capacitor body §
are selectively removed by being brought into contact
with oxygen radicals so that electrodes 184 of the metal-
lized films 18 are exposed out of the end surfaces and
that the electrode-lead-out-end surfaces are formed
with irregularities over 90% or more of their areas
while limiting the depth of irregularities in the end
surfaces to at most 0.2 mm, thereby obtaining suitable
electrical contact between the electrodes 18a and the
end surface electrodes 6 as well as a sufficient strength
of attachment of the end surface electrodes 6 when the
end surface electrodes 6 are formed.

Conventionaily, one-side-metallized films to which a
dielectric is applied and which are laminated to manu-
facture film capacitors are films on which dielectric
patterns are formed in such a manner that no dielectric
is applied to portions of electrodes which are to be
brought into contact with end surface electrodes. This
embodiment eliminates the need for such patterns and is
therefore practical and improved in producibility in
terms of mass production.

[Embodiment 5]

A laminated film capacitor manufacture process
which represents a fifth embodiment of the present
invention will be described below.

FIGS. 11A to 11C show part of a process of this
embodiment. A reference character 20 in these figures
denotes two-side-metailized films each formed of a wide
PPS film and having a plurality of capacitor bodies.
Each film is metallized in such a manner that two
groups of pairs of adjacent margin sections 4 of two
aluminum deposited layers respectively formed as elec-
trodes 20a on opposite sides of each metallized film 20
are shifted from each other to an extent corresponding
to 34 of the distance between the pairs of adjacent margin
sections 4. A dielectric 206 which i1s PPO 1s applied to
both surfaces of each two-side-metallized film 20 with-
out forming any pattern.

First, the wide two-side-metallized films 20 to which
the dielectric 205 1s applied over their both surfaces are
roiled up or laminated in such a manner that, as shown
in FIGS. 11A to 11B, blank sections 3 on upper or
lower sides of the films are aligned with each other. A
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roll or lamination thereby obtained is cut at the centers

of the pairs of adjacent margin sections or electrode-
lead-out surfaces 4, thereby forming mother capacitor
bodies § each corresponding to the element shown in
FIG. 11A. Then, the electrode-lead-out-end surfaces of
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each mother capacitor body 5 are brought into contact
with a plasma containing a fluorine gas such as SF¢ or
CF¢ gas. Portions of the films and the dielectric layers
206 at the electrode-lead-out-end sides having a width
smaller than the margin width 4 are thereby removed
selectively, as shown in FIG. 11B. Thereafter, as shown
in FIG. 11C, brass is sprayed on the end surfaces to
form the end surface electrodes 6, and the mother ca-
pacitor body 5 is cut in the direction perpendicular to
the direction in which blank sections 3 extend, thereby
obtaining unit capacitor bodies.

In accordance with this embodiment, the electrode-
lead-out-end surfaces of the mother capacitor body 3
are selectively removed by being brought into contact
with a plasma containing a fluorine gas so that the elec-
trodes 20a of the two-side-metallized films 20 are ex-
posed out of the end surfaces and that the electrode-
lead-out-end surfaces are formed with irregularities
over 90% or more of their areas while limiting the
depth of irregularities to at most 0.2 mm, thereby ob-
taining suitable electrical contact between the elec-
trodes 20g and the end surface electrodes 6 as well as a
sufficient strength of attachment of the end surface
electrodes 6 when the end surface electrodes 6 are
formed. |

In the process of selectively removing the dielectric
and the films in accordance with the present invention,
no oxygen gas is used. Therefore there is no risk of
oxidation. In this respect, this embodiment differs from
the first to third embodiments. However, it 1s desirable
to carefully select the method of this embodiment in
consideration of the use of the capacitor because the
processing speed 1s lower than that in a case where
oxygen gas is used. |

[Embodiment 6]

A rolled film capacitor manufacture process which
represents a sixth embodiment of the present invention

- will be described below.

F1G. 12 shows part of a process of this embodiment.
A reference numeral 1 in FIG. 12 denotes one-side-met-
allized films each formed of a wide PPS film and having
a plurality of capacitor bodies. Each one-side metallized
film 1 1s the same as that used in the first and second
embodiments.

First, the wide one-side-metallized films 1 are rolled
up or laminated in such a manner that, as shown in FIG.
12, two groups of pairs of adjacent margin sections 4
formed in adjacent two of the one-side-metallized films
1 are shifted from each other to an extent corresponding
to 3 of the distance between the pairs of adjacent margin
sections 4. A roll thereby obtained is cut at the centers
of the pairs of adjacent margin sections or electrode-
lead-out surfaces 4 to form unit capacitor bodies. The
electrode-lead-out-end surfaces of each unit capacitor
body are brought into contact with hydrogen gas
plasma generated by the apparatus shown in FIG. 4,
thereby selectively removing portions of the films at the
electrode-lead-out-end sides having a width smaller
than the margin width 4. Thereafter, brass is sprayed on
the end surfaces to form the end surface electrodes 6,
thereby obtaining a rolled film capacitor body.

In accordance with this embodiment, the flat elec-
trode-lead-out-end surfaces of a rolled film capacitor
are selectively removed by being brought into contact
with hydrogen gas plasma so that electrodes la of the
metallized films 1 are exposed out of the end surfaces
and that the electrode-lead-out-end surfaces are formed
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with irregularities over 90% or more of their areas
while limiting the depth of irregularities in the end
surfaces to at most 0.2 mm, thereby obtaining suitabie
electrical contact between the electrodes 18a¢ and the
end surface electrodes 6 as well as a sufficient strength
of attachment of the end surface electrodes 6 when the
end surface electrodes 6 are formed. In this embodi-
ment, wide films for film capacitors can be rolled up
before they are cut and divided into unit capacitor bod-
ies, thereby enabling mass production of rolled film
capacitors with improved productivity.

This embodiment is free from a risk of oxidizing the
electrodes because no oxygen gas is used in the process
of selectively removing the electrode-lead-out-end sur-
faces as in the case of the third embodiment, but it 1s
desirable to carefully select the method of this embodi-
ment in consideration of the use of the capacitor be-
cause the processing speed is lower than that in a case
where oxygen gas 1s used.

[Embodiment 7]

A rolled film capacitor manufacture process which
represents a seventh embodiment of the present inven-
tion will be described below.

FIGS. 13 shows part of a process of this embodiment.
A reference numeral 16 in FIG. 13 denotes a two-side-
metallized film formed of a wide PPS film and having a
plurality of capacitor bodies. This film 1s metallized in
such a manner that two groups of pairs of adjacent
margin sections 4 of two metallic layers formed on
opposite sides of the metallized film 16 are shifted from
each other to an extent corresponding to 3 of the dis-
tance between the pairs of adjacent margin sections 4.
Another wide PPS film 17 is laminated together with
the film 16. These films are the same as those used in the
third embodiment.

First, the wide two-side-metallized {ilm 16 and the
film 17 are superposed and rolled up, as shown in FIG.
13. A roil thereby obtained is cut at the centers of the
pairs of adjacent margin sections 4 to form unit capaci-
tor bodies. Then, the electrode-lead-out-end surfaces of
each unit capacitor body are brought into contact with
oxygen radicals generated by the oxygen plasma pro-
cessing apparatus shown in FI1G. 4. Portions of the fiims
at the electrode-lead-out-end sides having a width
smaller than the margin width 4 are thereby removed
selectively. Thereafter, brass 1s sprayed on the end sur-
faces to form the end surface electrodes 6, thereby ob-
taining rolled capacitor bodies.

In accordance with this embodiment, the electrode-
lead-out-end surfaces of the rolled film capacitor body
are selectively removed by being brought into contact
with oxygen radicals so that the electrodes 16a are
exposed out of the end surfaces and that the electrode-
lead-out-end surfaces are formed with irregularities
over 90% or more of their areas while limiting the
depth of irregularities in the end surfaces to at most 0.2
mm, thereby obtaining suitable electrical contact be-
tween the electrodes 16a and the end surface electrodes
6 as well as a sufficient strength of attachment of the end
surface electrodes 6 when the end surface electrodes 6
are formed.

In this embodiment, wide films for film capacitors can
be rolled up before they are cut and divided into unit
capacitor bodies. It is therefore possible t0 mass-pro-
duce rolled film capacitors with improved productivity.
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[Embodiment 8]

A rolled film capacitor manufacture process which
represents an eighth embodiment of the present inven-
tion will be described below.

FIG. 14 shows part of a process of this embodiment.
A reference numeral 18 in FIG. 14 denotes one-side-
metallized films each formed of a wide PPS film and
having a plurality of capacitor bodies. A dielectric
which is PPO is applied to the metallized side of each
one-side-metallized film 18 to form a layer thereover.
The thus-prepared films are the same as those used in
the fourth embodiment. -

First, two wide films 18 are superposed on the other
and rolled up in such a manner that, as shown in FIG.
14, two groups of pairs of adjacent margin sections 4
formed in the two films are shifted from each other to
an extent corresponding to 4 of the distance between
the pairs of adjacent margin sections 4. A roll thereby
obtained is cut at the centers of the pairs of adjacent
margin sections 4 to form unit capacitor bodies. Then,
the electrode-lead-out-end surfaces of each unit capaci-
tor body are brought into contact with oxygen radicals
generated by the apparatus shown in FIG. 4, thereby
selectively removing portions of the films at the elec-
trode-lead-out-end sides having a width smaller than the
margin width 4. Thereafter, brass is sprayed on the end
surfaces to form the end surface electrodes 6, thereby
obtaining rolled capacitor bodies.

In accordance with this embodiment, the electrode-
lead-out-end surfaces of the rolled film capacitor body
are selectively removed by being brought into contact
with oxygen radicals so that electrodes 18a of the metal-
lized films 18 are exposed out of the end surfaces and
that the electrode-lead-out-end surfaces are formed
with irregularities over 90% or more of their areas
while limiting the depth of irregulanties in the end
surfaces to at most 0.2 mm, thereby obtaining suitable
electrical contact between the electrodes 184 and the
end surface electrodes 6 as well as a sufficient strength
of attachment of the end surface electrodes 6 when the
end surface electrodes é are formed.

In this embodiment, wide films for film capacitors can
be rolied up before they are cut and divided into unit
capacitor bodies. It is therefore possible to mass-pro-
duce rolled film capacitors with improved productivity.

[Embodiment 9]

A rolled film capacitor manufacture process which
represents a ninth embodiment of the present invention
will be described below.

FIG. 15 shows part of a process of this embodiment.
A reference numeral 20 in FIG. 15 denotes a two-side-
metallized film formed of a wide PPS film and having a
plurality of capacitor bodies. This film is metallized in

- such a manner that two groups of pairs of adjacent

margin sections 4 of two metallic layers respectively
formed on opposite sides of the metallized film 20 are
shifted from each other to an extent corresponding to }
of the distance between the pairs of adjacent margin
sections 4. A dielectric which is PPO is applied to both
surfaces of the two-side-metallized film 20. The thus-
prepared film is the same as that used in the fourth
embodiment.

First, the film 20 is rolled, as shown in FIG. 15. A roll
thereby obtained is cut at the centers of the pairs of
adjacent margin sections 4, thereby forming unit capaci-
tor bodies. Next, the electrode-lead-out-end surfaces of
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each unit capacitor body § are brought into contact
with oxygen radicals generated by the oxygen plasma
processing apparatus shown in FIG. 4. Portions of the
film and the dielectric layers 200 at the electrode-lead-
out-end sides having a width smaller than the margin
width 4 are thereby removed selectively. Thereafter,

brass is sprayed on the end surfaces to form the end

surface electrodes, thereby obtaining rolled film capaci--

tor bodies.

In accordance with this embodunent the electrode-
lead-out-end surfaces of the rolled film capacitor body
are selectively removed by being brought into contact
with oxygen radicals so that the electrodes 20a are
exposed out of the end surfaces and that the electrode-
lead-out-end surfaces are formed with irregularities

over 9% or more of their areas while limiting the

depth of irregularities to at most 0.2 mm, thereby ob-
taining suitable electrical contact between the elec-

trodes 20aq and the end surface electrodes 6 as well as a

- sufficient strength of attachment of the end surface
electrodes 6 when the end surface electrodes 6 are
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cessing and the conductive layers 8 formed from brass
by spraying, thereby further improving the tan 6 char-
acteristics of the film capacitor.

FIG. 17 shows the comparison between the second
and tenth embodiments with respect to the relationship
between the thickness and tan & of the film capacitors
manufactured in accordance with these embodiments.

In the first to tenth embodiments, the end surface
electrodes are formed by brass spraying. However, the
end surface electrodes may be formed by spraying a
different metal or solid solution which forms an eutectic
with aluminum. Instead, the end surface electrodes may
be formed by applying a conductive coating, by hot
dipping with a metal having a low meiting point lower
than the heat resistance point of the film capacitor, or

- by a vacuum plating process such as low-temperature

20

formed. In this embodiment, wide films for film capaci-

tors can be rolled up before they are cut and divided
into unit capacitor bodies. It i1s therefore possible to
mass-produce rolled film capacitors with improved
productivity.

[Embodiment 10]

FIG. 16 shows a cross section of a laminated ﬁlm
capacitor which represents a tenth embodiment of the
- present invention.

A capacitor body shown n FIG 16 has one-side-met-
allized films 16 formed of PPS films, aluminum depos-
ited layers 1a which serve as electrodes, blank sections
3, margin sections defined by margin width 4, and end
surface electrodes 6. The structure of this capacitor
body is similar to that shown in FIG. 1. The difference
between this capacitor body and the capacitor body
shown in FIG. 1 resides in that an aluminum contact
layer 7 having a width of 3 um formed by low-tempera-
ture sputtering is formed between each electrode-lead-
- out-end surface and brass conductive layer formed by
spraying.

A laminated film capacitor having this structure is
manufactured by a process described below.

A unit capacitor body § is formed in the same manner
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sputtering or vacuum evaporation. In the tenth embodi-
ment, the contact layer between each electrode-lead-
out-end surface and the conductive layer formed by
brass spraying is formed from aluminum by low-tem-
perature sputtering. However, the contact layer may be
formed from a metal different from aluminum or solid
solution capable of forming an eutectic with brass, by
low-temperature sputtering or by vacuum plating pro-

cess such as vacuum evaporation.

In the first to tenth embodiments, PPS films are used
to form capacitor bodies. Instead, polyethylene tere-
phthalate or polypropylene may be used. Also, polycar-
bonate may be used instead of PPO used as a dielectric
applied as coating to the metallized films in the fourth,
fifth, seventh and eighth embodiments.

For selective removal of the electrode-lead- out-end

~ surfaces based on chemical means, one of methods of
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as the first embodiment. The electrode-lead-out-end

surfaces of the unit capacitor body § are brought into

contact with oxygen radicals by the oxygen plasma
processing apparatus used in the second embodiment,
thereby selectively removing end surfaces portions of
the films having a width smaller than the margin width
4. The electrodes 1a of the one-side-metallized films 1
are thereby exposed in such a manner that the elec-
trode-lead-out-end surfaces are formed with irregular-
ities over 90% or more of their areas while limiting the
depth of irregularities to at most 0.2 mm. This step is the
same as that described above with respect to the second

embodiment. In this embodiment, additional processing
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using oxygen plasma, a method of using oxygen radicals
extracted from oxygen plasma, a method of using
ozone, a method of using fluorine gas plasma and a
method of hydrogen gas plasma may be adopted for
each of first to fourth embodiments. In first, second,
seventh to tenth embodiments, at least one of CF4, SFs
and N2O may be added to the oxygen gas in order to
increase the dielectric removing speed. With respect to
the third embodiment, it is possible to increase the di-
electric removing speed by adding a small quantity of
N,O to the ozone gas or by irradiation with ultraviolet
rays.

The margin sections 4 of the film capacitor bodies 5
of the first to tenth embodiments may alternately dis-
posed at one of the opposite ends, for example, as shown
in FIGS. 22.

In accordance with the present invention, as de-
scribed above, the end surfaces of a film capacitor body
which are flat and which are to be processed for con-

~nection to lead electrodes are brought into contact with

a gas having at least a component reactive with an or-
ganic material which forms dielectric films of the film
capacitor body, and the dielectric films at the electrode-
lead-out-end sides are thereby chemically removed

. selectively so that metallic layer electrodes are exposed

is performed; that is contact layers having a thickness of 60

3 um are formed by low-temperature sputtering on the
end surfaces where the electrodes 1la of the one-side-
metallized films 1 are exposed.” Thereafter, brass is
sprayed to form the end surface electrodes 6.

~ Thus, the aluminum contact layers having a thickness
of 3 um are formed by low-temperature sputtering be-
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tween the end surfaces at which film portions have been

chemically removed selectively by oxygen plasma pro-

out of the end surfaces and that the electrode-lead-out-
end surfaces are formed with irregularities over 90% or
more of their areas while limiting the depth of irregular-
ities to at most 0.2 mm, thereby obtaining suitable elec-
trical contact between the metallic layer electrodes and
the end surface electrodes as well as sufficient strength
of attachment of the end surface electrodes. Thus, the
present invention enables laminated or rolled film ca-
pacitors having improved characteristics to be mass-

- produced with improved productivity.
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What is claimed is:

1. A method of manufacturing a film capacitor com-
prising: the steps of preparing a lamination or roll of a
plurality of electrodes and at least one dielectric film
formed from an organic material and interposed be-
tween said electrodes; selectively removing portions of
said dielectric film at electrode-lead-out-end sides of
said roll or lamination where end surfaces of said dielec-
tric film are flush with those of said electrodes by bring-
ing surfaces of said roll or lamination at the electrode-
lead-out end sides 1n contact with a gas having at least
a component reactive with said organic material; and
forming end-surface electrodes at the electrode-lead-
out-end sides.

2. A method of manufacturing a film capacitor ac-
cording to claim 1, wherein portions of said dielectric
film at the electrode-lead-out-end sides are selectively
removed by a plasma containing at least oxygen.

3. A method of manufacturing a film capacitor ac-
cording to claim 1, wherein portions of said dielectric
film at the electrode-lead-out-end sides are selectively
removed by a plasma of a gas which contains oxygen
and to which at least one of CF4, SFgand N-O 1s added.

4. A method of manufacturing a film capacitor ac-
cording to claim 1, wherein portions of said dielectric
film at the electrode-lead-out-end sides are selectively
removed by oxygen radicals extracted from a plasma
containing at least oxygen.

5. A method of manufacturing a film capacitor ac-
cording to claim 1, wherein portions of said dielectric
film at the electrode-lead-out-end sides are selectively
removed by a gas containing at least ozone.

6. A method of manufacturing a film capacitor ac-
cording to claim 1, wherein portions of said dielectric
film at the electrode-lead-out-end sides are selectively
removed by a gas formed by adding N,O to a gas con-
taining at least ozone. |

7. A method of manufacturing a film capacitor ac-
cording to either one of claims § and 6, wherein por-
tions of said dielectric film at the electrode-lead-out-end
sides are irradiated with ultraviolet rays when selec-
tively removed.

8. A method of manufacturing a film capacitor ac-
cording to claim 1, wherein portions of said dielectric
film at the electrode-lead-out-end sides are selectively
removed by a gas plasma containing at least fluorine or
hydrogen. -

9. A method of manufacturing a laminated capacitor
comprising the steps of: rolling up or layering a2 wide
one-side-metallized film having a plurality of capacitor
bodies; cutting a roll or lamination obtained by the
preceding step at electrode-lead-out-end sides; selec-
tively removing portions of said film at the electrode-
lead-out-end sides by bringing surfaces of said roll or
lamination at the electrode-lead-out-end sides into
contact with a gas containing at least a component reac-
tive with an organic material constituting said film; and
forming end surface electrodes at the electrode-lead-
out-end sides.

10. A method of manufacturing a laminated capacitor
comprising the steps of: rolling up or layering a wide
two-side-metallized film 16 having a plurality of capaci-
tor bodies together with a wide doubling film while
superposing said films one on the other; cutting a roll or
lamination obtained by the preceding step at electrode-
lead-out-end sides; selectively removing portions of said
films at the electrode-lead-out-end sides by bringing
surfaces of said roll or lamination at the electrode-lead-
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out-end sides into contact with a gas containing at least
a component reactive with organic materials constitut-
ing said films; and forming end surface electrodes at the
electrode-lead-out-end sides.

11. A method of manufacturing a laminated capacitor
comprising the steps of: forming a dielectric layer from
an organic material on the metallized side of a wide
one-side-metallized film having a plurality of capacitor
bodies; rolling up or layering said one-side-metallized
film with said dielectric layer; cutting a roll or lamina-
tion obtained by the preceding step at electrode-lead-
out-end sides; selectively removing portions of said film
and said dielectric layer at the electrode-lead-out-end
sides by bringing surfaces of said roll or lamination at
the electrode-lead-out-end sides into contact with a gas
containing at least a component reactive with organic
materials constituting said film and said dielectric lay-
ers; and forming end surface electrodes at the electrode-
lead-out-end sides.

12. A method of manufacturing a laminated capacitor
comprising the steps of: forming dielectric layers from
an organic material on both sides of a wide two-side-
metallized film having a plurality of capacitor bodies;
rolling up or layering said two-side-metallized film with
said dielectric layers; cutting a roll or lamination ob-
tained by the preceding step at electrode-lead-out-end
sides; selectively removing portions of said film and said
dielectric layers at the electrode-lead-out-end sides by
bringing surfaces of said roll or lamination at the elec-
trode-lead-out-end sides into contact with a gas contain-
ing at least a component reactive with organic materials
constituting said film and said dielectric layers; and
forming end surface electrodes at the electrode-lead-
out-end sides.

13. A method of manufacturing a rolled film capaci-
tor comprising the steps of: rolling up two wide sheets
of one-side-metallized film having a plurality of capaci-
tor bodies while superposing said sheets one on the
other; cutting a roll obtained by the preceding step at
electrode-lead-out-end sides; selectively removing por-
tions of said sheets at the electrode-lead-out-end sides
by bringing surfaces of said roll at the electrode-lead-
out-end sides into contact with a gas containing at least
a component reactive with an organic material consti-
tuting said film; and forming end surface electrodes at

the electrode-lead-out-end sides.

14. A method of manufacturing a rolled film capacié
tor comprising the steps of: roiling up a wide two-side-

" metallized film having a plurality of capacitor bodies
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together with a wide doubling film while superposing
said films one on the other; cutting a roll obtained by the
preceding step at electrode-lead-out-end sides; selec-
tively removing portions of said films at the electrode-
lead-out-end sides by bringing surfaces of said roll at the
electrode-lead-out-end sides into contact with a gas
containing at least a component reactive with organic
materials constituting said films; and forming end sur-
face electrodes at the electrode-lead-out-end sides.

15. A method of manufacturing a laminated capacitor
comprising the steps of: applying a dielectric coating
formed from an organic material on the metallized side
of a wide one-side-metallized film having a plurality of
capacitor bodies; rolling up two sheets of said one-side-
metallized film to which said dielectric has been applied
while superposing said sheets one on the other; cutting
a roll obtained by the preceding step at electrode-lead-
out-end sides; selectively removing portions of said film
and said dielectric coating at the electrode-lead-out-end
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sides by bringing surfaces of said roll at the electrode-
lead-out-end sides into contact with a gas containing at
least a component reactive with organic materials con-
stituting said film and said dielectric coating; and form-
ing end surface electrodes at the electrode-lead-out-end 5
sides.

16. A method of manufacturing a laminated capacitor
comprising the steps of: forming dielectric layers
formed from an organic material on both sides of a wide
two-side-metallized film having a plurality of capacitor 10
bodies; rolling up said two-side-metallized film with
said dielectric layers; cutting a roll obtained by the
preceding step at electrode-lead-out-end sides; selec-
tively removing portions of said film and said dielectric
layers at the electrode-iead-out-end sides by bringing 15
surfaces of said roll at the electrode-iead-out-end sides
into contact with a gas containing at least a component
reactive with organic materials constituting said film
and said dielectric layers, and forming end-surface elec-
trodes at the electrode-lead-out-end sides. 20

17. A method of manufacturing a laminated capacitor
according to any one of claims 1 to 16 wherein each of
said end surface electrodes is formed of a contact layer
formed by vacuum plating process and a conductive
layer formed by spraying. 25

18. A film capacitor comprising: a plurality of super-
posed laminations having two electrodes lead-out sides,
each of said laminations comprising a dielectric film and
an electrode layer formed on said dielectric film, said
electrode layer having marginal sections which project 30
from said first dielectric film on both said electrode
lead-out sides; and end surface electrodes formed on
both said electrode lead-out sides such that said mar-
ginal sections of said electrode layer are embedded in
said end surface electrodes, said dielectric films having 35
first and second ends which are disposed respectively
on both said electrode lead-out sides, said first ends
being non-aligned with each other and said second ends
being non-aligned with each other respectively on said
electrode lead-out sides so as to enhance electrical con- 40
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nection and binding strength between said electrode
layer and said end surface electrodes.

19. A film capacitor as set forth in claim 18, wherein
said marginal sections embedded. in said end surface
electrodes have lengths greater than 5 microns.

20. An oxygen plasma processing apparatus adapted
to be used to manufacture a film capacitor including a
mother capacitor body formed on a plurality of lamina-
tions having electrode lead-out sides, with each of said
laminations comprising a dielectric film and an elec-
trode applied on the dielectric film, said apparatus com-
prising:

a vacuum vessel made substantially of electroconduc-

tive materials and having a hollow chamber;

a quartz window formed in said vessel;

a high frequency wave applying electrode attached at
salid quartz glass window;

a mask member for masking all surfaces of said
mother capacitor body except surfaces thereof at
said electrode lead-out sides;

a metal screen positioned in said hollow chamber and
interposed between said high frequency wave ap-
plying electrode and a said mother capacitor body
disposed in said hollow chamber; and

- means for bringing said mother capacitor body dis-
posed in said hollow chamber into contact with
oxygen gas plasma in an oxygen plasma atmo-
sphere in said hollow chamber so as to process
surfaces on said electrode lead-out sides of said
laminations in order to form electrode lead-out-end
surfaces thereon having first and second extreme
ends, said first ends being non-aligned with each
other and said second ends being non-aligned with
each other respectively on said electrode lead-out
sides, whereby said metal screen traps oxygen ions
so as to allow only oxygen radicals to reach said

mother capacitor body disposed in said hollow

chamber.
x * % x x
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